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SEMICONDUCTOR DEVICE HAVING SELF-ALIGNED CONTACT PADS 
AND METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device and a method for 
manufacturing the same, and more particularly, to a semiconductor device 
having self-aligned contact pads (SACs) and a method for manufacturing the 
same. 

2. Description of the Related Art 

As the integration density of semiconductor devices increases, gaps 
between adjacent devices disposed within the semiconductor devices decrease, 
and an area occupied by each of the semiconductor devices decreases. 
Accordingly, the area of a contact region continues to decrease, and contact 
margins also become reduced. Thus, alignment margins required in a 
photolithographic process become reduced. Recently, a method for 
manufacturing self-aligned contact pads in a highly integrated semiconductor 
device, which is capable of increasing alignment margins, has been suggested. 

A conventional semiconductor device having self-aligned contact pads 
(SACs) and a method for manufacturing the same will be described with 
reference to FIGS. 1, 2, 3A, 3B, 4A, and 4B. FIGS. 1 and 2 are plan views 
illustrating a portion of a semiconductor device having SACS, where the 
semiconductor device is made using a conventional manufacturing method. 
FIGS. 3A and 3B are views illustrating a cross section of a semiconductor 
substrate taken along lines a - a' and b - b', respectively, of FIG. 1 . FIGS. 4A 
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and 4B are views illustrating a cross section of a semiconductor substrate taken 
along lines a - a' and b - b', respectively, of FIG. 2. 

Referring to FIGS. 1, 3A, and 3B, an isolation layer 20 is formed to define 
active regions 15 on a semiconductor substrate 10. The active regions 15 each 
5 have a major axis and a minor axis. A plurality of gates 35 are formed on the 
semiconductor substrate 10 to cross the active regions 15 and extend in the 
direction of the minor axis of each of the active regions 1 5. Each of the gates 35 
includes a stacked structure comprised of a gate insulating layer 22, a gate 
electrode 25, and a capping layer 27, and spacers 30 formed to surround the 

10 sidewalls of each of the stacked structures. Two gates 35 are disposed on each 
of the active regions 15. Here, the capping layer 27 and the spacers 30 are 
formed of a nitride layer which has a different etching selectivity from that of an 
interlayer insulating layer to be formed in a subsequent process. 

Next, impurities are implanted into the active regions 15 at either side of 

15 each of the gates 35, thereby forming a first source/drain region 40a and a 

second source/drain region 40b. An interlayer insulating layer 45 is formed to 
completely fill a gap between adjacent gates 35, and then the top surface of the 
interlayer insulating layer 45 is planarized. 

Next, photoresist patterns 50 used to form SACs are formed into an island 

20 shape on the interlayer insulating layer 45. The photoresist patterns 50 are 

formed to have the same size as the active regions 1 5 at rows where the active 
regions 15 are not formed. 

Referring to FIGS. 2, 4A, and 4B, the interlayer insulating layer 45 is 
etched using the photoresist patterns 50 as etching masks so that first and 

25 second contact holes Hn and Hi 2 are formed to expose the top surfaces of the 
first and second source/drain regions 40a and 40b, respectively. The photoresist 
patterns 50 are removed, and then a doped polysilicon layer is formed to 
completely fill the first and second contact holes Hn and H-i 2 . The top surfaces 
of the doped polysilicon layer and the interlayer insulating layer 45 are planarized 
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to expose the top surface of the capping layer 27. Thus, first and second SACs 
55a and 55b are formed to directly contact the top surfaces of the first and 
second source/drain regions 40a and 40b, respectively. 

During the etching process for forming the first and second contact holes 
5 Hn and Hi 2 , an etching gas, such as C 4 F 8 or C 5 F 8 , is used in order to make the 
interlayer insulating layer 45 have a high etching selectivity with respect to a 
nitride layer. However, during the etching process using such an etching gas, a 
considerable amount of polymer may be generated. If the aspect ratio of a 
contact hole is high, polymer generated during etching cannot be removed from 

10 the contact hole, and thus the etching process may be easily stopped. 

Accordingly, in order to prevent such a phenomenon, the interlayer insulating 
layer 45 is over-etched by increasing the etching time. 

If the area occupied by the photoresist patterns 50 is small, the uppermost 
portion of the photoresist patterns 50 may be deformed during over-etching of the 

15 interlayer insulating layer 45. In addition, the photoresist patterns 50 may 

collapse because the photoresist patterns 50 formed into an island shape are 
weak. In particular, since the edge of each of the photoresist patterns 50 is thinly 
formed, adjacent first SACs 55a are not completely isolated from each other, and 
a bridge is generated between the adjacent first SACs 55a. 

20 The amount of etching gas required in etching is proportional to the area 

of material to be etched, and thus the etch rate of a contact hole having a large 
width is lower than the etch rate of a contact hole having a small width. If the 
photoresist patterns 50 are formed in an island shape, the first contact hole Hn, 
in which the first SAC 55a will be formed, has a width smaller than the second 

25 contact hole H 12 , in which the second SAC 55b will be formed. Thus, the etching 
rate of the first contact hole Hn is different from the etching rate of the second 
contact hole H 12 . Accordingly, if the amount of etching gas is determined in 
consideration of the size of only one of the first and second contact holes Hn and 
H12, it is difficult to form the other contact hole in a desired shape. 
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SUMMARY OF THE INVENTION 

To solve the above and other related problems of the prior art, there is 
provided a semiconductor device in which adjacent self-aligned contact pads 

5 (SACs) are completely isolated from one another. Moreover, there is provided a 
method for manufacturing a semiconductor device having SACs, that overcomes 
the prior art problem of irregular etching of the contact holes in which the SACs 
are formed due to different contact hole widths. 

According to an aspect of the present invention, there is provided a 

10 semiconductor device that comprises a semiconductor substrate. An isolation 
layer is formed on the semiconductor substrate for defining a plurality of active 
regions. Each of the plurality of active regions has a major axis and a minor axis. 
A plurality of gates are formed to cross the plurality of active regions and extend 
in a direction of the minor axis of each of the plurality of active regions. Each of 

15 the plurality of gates has a first side and a second side that are opposing and that 
run along the direction of the minor axis. A plurality of first and second 
source/drain regions are formed in the plurality of active regions at either of the 
first side or the second side of each of the plurality of gates. Each of the plurality 
of first and second source/drain regions has a top surface. A plurality of first self- 

20 aligned contact pads (SACs) and a plurality of second SACs are formed to 

contact the top surface of each of the plurality of first and second source/drain 
regions, respectively. 

According to another aspect of the present invention, each of the plurality 
of second SACs have sidewalls and a top surface. The isolation layer has a top 

25 surface. An arrangement of the plurality of second SACs forms a plurality of 
columns. An arrangement of the plurality of first SACs forms a plurality of first 
rows having a plurality of second rows disposed in an alternating arrangement 
there between. The semiconductor device further comprises a plurality of 
contact plugs and a plurality of bit lines. Each of the plurality of contact plugs 
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has a top surface. Each of the plurality of contact plugs is formed to contact the 
sidewalls and a predetermined portion of the top surface of one of the plurality of 
second SACs and a portion of the top surface of the isolation layer that is 
positioned along a same one of the plurality of columns as the one of the plurality 
of the second SACs. Each of the plurality of bit lines is respectively formed along 
one of the plurality of second rows and extends in a direction of the major axis. 
The plurality of second rows correspond to areas having an absence of contact 
between any of the plurality of active regions and the top surface of any of the 
plurality of contact plugs. 

According to yet another aspect of the present invention, the 
semiconductor device further comprises a plurality of third SACs. Each of the 
plurality of third SACs have sidewalls and a top surface, and are formed to 
respectively contact areas of the top surface of the isolation layer that are 
positioned along a same vertical axis as the plurality of first and second 
source/drain regions. Each of the plurality of contact plugs is formed to further 
contact the sidewalls and a predetermined portion of the top surface of one of the 
plurality of third SACs positioned at the same one of the plurality of columns as 
the one of the plurality of second SACs, respectively. 

According to a further aspect of the present invention, there is provided a 
method for manufacturing a semiconductor device. An isolation layer is formed 
on a semiconductor substrate. The isolation layer defines a plurality of active 
regions. Each of the plurality of active regions has a major axis and a minor axis. 
A plurality of gates are formed on areas of the semiconductor substrate on which 
the isolation layer is formed. The plurality of gates are formed to cross the 
plurality of active regions and extend in a direction of the minor axis of each of 
the plurality of active regions. Each of the plurality of gates has a top surface, 
and a first side and a second side that are opposing and that that run along the 
direction of the minor axis. A plurality of first and second drain/source regions 
are formed in the plurality active regions at either of the first side or the second 



side of each of the plurality of gates. Each of the plurality of first and second 
source/drain regions has a top surface. A first interlayer insulating layer is 
formed on regions of the semiconductor substrate on which the plurality of first 
and second source/drain regions are formed. The first interlayer insulating layer 

5 is formed to completely fill spaces among the plurality of gates and to have a 
planarized top surface. Photoresist patterns are formed in a line shape at each 
of a plurality of rows where an absence exists of any formation of the plurality of 
active regions on the first interlayer insulating layer. The line shape extends in a 
direction of the major axis. The first interlayer insulating layer is etched using the 

10 photoresist patterns as etching masks to form a plurality of contact holes through 
which the top surface of each of the plurality of first and second source/drain 
regions are respectively exposed. The photoresist patterns are removed. A 
plurality of first self-aligned contact pads (SACs) and a plurality of second SACs 
are formed to respectively contact the top surface of each of the plurality of first 

15 and second source/drain regions and to be level with the top surface of each of 
the plurality of gates, by filling the plurality of contact holes with a conductive 
material. 

According to a yet further aspect of the present invention, the method 
further comprises the step of forming a material layer that partially fills the spaces 
20 among the plurality of gates, subsequent to the step of forming the plurality of 
first and second source/drain regions. The material layer is formed of an 
insulating layer having a different etching selectivity from that of the first 
interlayer insulating layer and is etched along with the first interlayer insulating 
layer. 

25 According to a yet still further aspect of the present invention, each of the 

plurality of the second SACs has sidewalls and a top surface, the isolation layer 
has a top surface, an arrangement of the plurality of second SACs forms a 
plurality of columns, and an arrangement of the plurality of first SACs forms a 
plurality of first rows having a plurality of second rows disposed in an alternating 
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arrangement there between. The method further comprises the step of forming a 
second interlayer insulating layer on portions of the semiconductor substrate on 
which the plurality of first SACs and the plurality of second SACs are formed. A 
plurality of contact plugs are formed through the first and the second interlayer 

5 insulating layers to respectively contact the sidewalls and a predetermined 

portion of the top surface of each of the plurality of second SACs and a portion of 
the top surface of the isolation layer that is positioned along a same one of the 
plurality of columns as the one of the plurality of second SACs. A plurality of bit 
lines are formed. Each of the plurality of bit lines are respectively formed along 

10 one of the plurality of second rows and extend in a direction of the major axis of 
each of the plurality of active regions. The plurality of second rows correspond to 
areas having an absence of contact between any of the plurality of active regions 
and a top surface of any of the plurality of contact plugs. 

According to an additional aspect of the present invention, the method 

1 5 further comprises the step of forming a plurality of third SACS to respectively 
contact the top surface of the isolation layer positioned along a same horizontal 
axis as the plurality of first and second source/drain regions. Each of the plurality 
of contact plugs is formed to further contact sidewalls and a predetermined 
portion of each of the plurality of third SACs positioned at the same column as 

20 the one of the plurality of second SACs. 

According to a yet additional aspect of the present invention, each of the 
photoresist patterns are formed to include a protrusion covering the top surface 
of the isolation layer positioned each of a plurality of rows whereat the plurality of 
active regions are formed. 

25 According to the present invention, it is possible to manufacture a 

semiconductor device in which adjacent self-aligned contact pads are completely 
isolated from one another. In addition, it is possible to solve the problem of the 
prior art in which contact holes, wherein self-aligned contact pads will be formed, 
are irregularly etched due to their different widths. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above objects and advantages of the present invention will become 
more apparent by describing in detail preferred embodiments thereof with 
5 reference to the attached drawings in which: 

FIGS. 1, 2, 3A, 3B, 4A, and 4B are diagrams illustrating a conventional 
semiconductor device having self-aligned contact pads (SACs) and a method for 
manufacturing the same; 

FIGS. 5, 6, 7A, 7B, 8A, and 8B are diagrams illustrating a semiconductor 
10 device according to a first embodiment of the present invention and a method for 
manufacturing the same; 

FIGS. 9, 10, 11 A, 11 B, 12A, and 12B are diagrams illustrating a 
semiconductor device according to a second embodiment of the present 
invention and a method for manufacturing the same; 
15 FIGS. 13, 14, 15A, 15B, 16A, and 16B are diagrams illustrating a 

semiconductor device according to a third embodiment of the present invention 
and a method for manufacturing the same; 

FIGS. 17, 18A, and 18B are diagrams illustrating a semiconductor device 
according to a fourth embodiment of the present invention and a method for 
20 manufacturing the same; and 

FIG. 19 is a plan view illustrating a semiconductor device according to a 
fifth embodiment of the present invention and a method for manufacturing the 
same. 

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will now be described more fully with reference to 
the accompanying drawings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in many different forms and 
should not be construed as being limited to the embodiments set forth herein. 
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Rather, these embodiments are provided so that this disclosure will be thorough 
and complete, and will fully convey the concept of the invention to those skilled in 
the art. In the drawings, the thickness of layers and regions are exaggerated for 
clarity. It will also be understood that when a layer is referred to as being "on" 
another layer or substrate, it can be directly on the other layer or substrate, or 
intervening layers may also be present. 

A first illustrative embodiment of the present invention will now be 
described. 

FIGS. 5, 6, 7A, 7B, 8A, and 8B are diagrams illustrating a semiconductor 
device according to a first embodiment of the present invention and a method for 
manufacturing the same. Specifically, FIGS. 5 and 6 are plan views illustrating a 
semiconductor device according to a first embodiment of the present invention 
and a method for manufacturing the same. FIGS. 7A and 7B are views 
illustrating a cross section of a semiconductor substrate taken along lines a - a 1 
and b - b', respectively, of FIG. 5. FIGS. 8A and 8B are views illustrating a cross 
section of a semiconductor substrate taken along lines a - a' and b - b\ 
respectively, of FIG. 6. 

Referring to FIGS. 5, 7A and 7B, an isolation layer 120 is formed to define 
a plurality of active regions 1 15 on a semiconductor substrate 110. The active 
regions 1 15 are arranged in a zigzag-like manner (e.g., horizontal and vertical 
patterns) and each have a major axis and a minor axis. Next, a plurality of gates 
135 are formed to cross the active regions 115 and extend in the direction Y of 
the minor axis of each of the active regions 1 15. The gates 135 are formed such 
that two gates cross one active region 115. 

Each of the gates 135 is formed to include a stacked body comprised of a 
gate insulating layer 122, a gate electrode 125 and a capping layer 127 and gate 
spacers surrounding the sidewalls of the stacked body. The gate electrode 125 
is formed out of a doped polysilicon layer. If necessary, a double layer consisting 
of a doped polysilicon layer and a tungsten silicide layer may be formed into a 
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polycide structure as the gate electrode 125. Here, the capping layer 127 and 
the gate spacers 130 are formed of an insulating layer which has a different 
etching selectivity from that of an interlayer insulating layer to be formed in a 
subsequent process. For example, the capping layer 127 and the gate spacers 

5 130 may be formed of a nitride layer or a nitride oxide layer. 

Next, impurities are implanted into the active regions 1 15 at either side of 
each of the gates 135, thereby forming a first source/drain region and a second 
source/drain region 140a and 140b. A material layer (not illustrated as an 
independent layer) is formed so as not to completely fill spaces among the gates 

10 135. Next, a first interlayer insulating layer 145 is formed to completely fill the 
spaces among the gates 135. The top surface of the interlayer insulating layer 
145 is planarized by etch-back or chemical mechanical polishing (CMP). In 
FIGS. 7A and 7B, the first interlayer insulating layer 145 is illustrated as being 
higher than the gates 135; however, the first interlayer insulating layer 145 may 

15 be formed to be level with the gates 135. The material layer is formed of an 
insulating layer which has a different etching selectivity from that of the first 
interlayer insulating layer 145. For example, the material layer is formed of a 
nitride layer or a nitride oxide layer. The reason that the material layer is formed 
of, for example, a nitride layer or a nitride oxide layer, is to make the material 

20 layer act as an etching stopper during etching the first interlayer insulating layer 
145. 

Next, a photoresist layer (not shown) is deposited on the interlayer 
insulating layer 145. The photoresist layer is exposed to light and developed 
such that the photoresist layer remains in a line shape only at rows where the 
25 active regions 1 15 are not formed. In order to reduce light-reflection during the 
exposure of the photoresist layer, an anti-reflection layer may be interposed 
between the first interlayer insulating layer 145 and the photoresist layer. Finally, 
photoresist patterns 150 are formed. The photoresist patterns 150 are formed to 
extend in the direction X of the major axis of each of the active regions 115 and 
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remain only at the rows where the active regions 1 15 are not formed, as a line 
shape. 

Accordingly, it is possible to provide additional, sufficient room for the 
photoresist layer used to form the photoresist patterns 150 in a line shape and 
increase the thickness of the photoresist layer considerably more than 
conventional island-shaped photoresist patterns. In addition, in the present 
embodiment, the photoresist patterns 150 can be prevented from collapsing and 
the edge of each of the photoresist patterns 150 can be prevented from being 
deformed. 

Referring to FIGS. 6, 8A, and 8B, the first interlayer insulating layer 145 is 
etched using the photoresist patterns 150 as etching masks. Since the material 
layer is formed of an insulating layer having a different etching selectivity from 
that of the first interlayer insulating layer 145, the material layer can act as an 
etching stopper during etching of the first interlayer insulating layer 145. Contact 
holes H 2 i, H 22 , and H 23 exposing first and second source/drain regions 140a and 
140b and the top surface of the isolation layer 120 positioned at the same row as 
the first and second source/drain regions 140a and 140b are formed. Since the 
photoresist patterns 150 are formed in a line shape, the contact holes H21, H 22 , 
and H 23 are formed to have the same size. Thus, the problem of contact holes 
that are irregularly etched due to their different widths in the prior art can be 
solved. 

Next, the photoresist patterns 150 are removed, and then a conductive 
layer is formed to completely fill the contact holes H 2 i, H 22 , and H 23 . A doped 
polysilicon layer may be formed as the conductive layer. Next, the top surfaces 
of the conductive layer and the first interlayer insulating layer 145 are planarized 
by etch-back or CMP, thereby forming first, second, and third SACs 155a, 155b, 
and 155c. The first through third SACs 155a, 155b, and 155c are formed to be 
level with the gates 135, to contact the first and second source/drain regions 
140a and 140b, and the top surface of the isolation layer 120 positioned at the 
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same row as the first and second source/drain regions 140a and 140b, and to 
have the same size. Since the photoresist patterns 150 are formed in a line 
shape, the edge of each of the photoresist patterns 150 can be prevented from 
being deformed, and thus adjacent SACs can be completely isolated from one 
5 another. 

A second illustrative embodiment of the present invention will now be 
described. 

FIGS. 9, 10, 11 A, 11 B, 12A, and 12B are diagrams illustrating a 
semiconductor device according to a second embodiment of the present 

0 invention and a method for manufacturing the same. Specifically, FIGS. 9 and 
10 are plan views illustrating a semiconductor device according to a second 
embodiment of the present invention and a method for manufacturing the same. 
FIGS. 11A and 11B are views illustrating a cross section of a semiconductor 
substrate taken along lines a - a' and b - b\ respectively, of FIG. 9. FIGS. 12A 

5 and 1 2B are views illustrating a cross section of a semiconductor substrate taken 
along lines a - a' and b - b\ respectively, of FIG. 10. The same reference 
numerals in the first and second embodiments represent the same elements. In 
the second embodiment, processes subsequent to the processes described in 
the first embodiment will be described. 

o Referring to FIGS. 9, 1 1 A, and 1 1 B, a second interlayer insulating layer 

160 is formed on the semiconductor substrate 110 shown in FIG. 6 after the 
processes described in the first embodiment are performed. The first interlayer 
insulating layer 145 and the second interlayer insulating layer 160 are etched to 
form a contact hole H 24 , through which the sidewalls and a predetermined portion 

5 of the top surface of the second SAC 1 55b and the top surface of the isolation 
layer 120 positioned at a row next to the row where the second SAC 155b is 
positioned, and at the same column as the second SAC 155b are exposed. As 
shown in FIGS. 1 1A and 1 1B, the contact hole H 24 may be formed to expose the 



12 



sidewalls and a predetermined portion of the top surface of the third SAC 155c 
positioned at the same column as the second SAC 155b. 

A barrier metal layer 163 is formed at the sidewalls and bottom of the 
contact hole H 2 4. In a case where a conductive layer is formed of a metal layer to 

5 completely fill the contact hole H 2 4, the barrier metal layer 163 prevents metal 
atoms in the metal layer from diffusing into the interlayer insulating layers 145 
and 160. The barrier metal layer 163 may be formed of a double layer consisting 
of a titanium (Ti) layer and a TiN layer. The double layer consisting of a Ti layer 
and a TiN layer may be formed by chemical vapor deposition (CVD). 

10 Next, the conductive layer is formed to completely fill the contact hole H 2 4- 

The conductive layer may be formed of a tungsten (W) layer. The top surface of 
the conductive layer is planarized by etch-back or CMP until the top surface of 
the interlayer insulating layer 160 is exposed. As a result of planarization, a 
contact plug 165 is formed through the interlayer insulating layers 145 and 160 to 

15 contact the sidewalls and a predetermined portion of the top surface of the 
second SAC 155b, the top surface of the isolation layer 120 positioned at the 
same column as the second SAC 155b, and the sidewalls and a predetermined 
portion of the top surface of the third SAC 155c positioned at the same column 
as the second SAC 155b. In the prior art, since the second SAC 55b is formed to 

20 have a larger size than the first SAC 55a, a contact plug is formed to contact the 
top surface of the second SAC 55b, as shown in FIGS. 2, 4A, and 4B. However, 
in the present invention, the contact plug 165 is formed to contact the sidewalls 
of the second SAC 155b as well as the top surface of the isolation layer 120, and 
thus the contact plug 1 65 can be electrically connected to the active regions 1 1 5. 

25 The contact plugs 165 may be formed greater than conventional contact plugs. 

Referring to FIGS. 10, 12A, and 12B, a bit line 180 is formed to contact 
the top surface of the contact plug 165 and extend in the direction X of the major 
axis of each of the active regions at every row the active regions 1 1 5 are not 
formed. The bit line 180 is formed to have a width smaller than the width of the 
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contact plug 165. Specifically, in order to form the bit line 180, a conductive 
recess-prevention layer 167, a bit line conductive layer 170, and a bit line 
capping layer 172 are sequentially formed on the semiconductor substrate 110 
on which the contact plug 165 is formed. The bit line conductive layer 170 may 
5 be formed of a W layer. Next, photoresist patterns (not shown) used to form the 
bit line 180 are formed at every row where the active regions 1 15 are formed on 
the bit line capping layer 172. The bit line capping layer 172 and the bit line 
conductive layer 170 are patterned using the photoresist patterns as etching 
masks. Next, the conductive recess-prevention layer 167 is patterned. The 

1 o conductive recess-prevention layer 1 67 prevents the surface of each of the 

contact plugs 165 from being recessed during patterning of the bit line capping 
layer 172 and the bit line conductive layer 170. The photoresist patterns are 
removed, and then bit line spacers 175 are formed to surround the sidewalls of 
the patterned conductive recess-prevention layer 167, bit line conductive layer 

15 170, and bit line capping layer 172. The conductive recess-prevention layer 167 
must be formed of a conductive layer and may be formed of a double layer 
consisting of a Ti layer and a TiN layer. The double layer consisting of a Ti layer 
and a TiN layer may be formed by CVD. If the conductive recess-prevention 
layer 167 is formed of a double layer consisting of a Ti layer and a TiN layer, the 

20 conductive recess-prevention layer 167 can act as a barrier metal layer. 

A third illustrative embodiment of the present invention will now be 
described. 

FIGS. 13, 14, 15A, 15B, 16A, and 16B are diagrams illustrating a 
semiconductor device according to a third embodiment of the present invention 
25 and a method for manufacturing the same. Specifically, FIGS. 13 and 14 are 
plan views illustrating a method for manufacturing a semiconductor device 
according to a third embodiment of the present invention. FIGS. 15A and 15B 
are views illustrating a cross section of a semiconductor substrate taken along 
lines a - a' and b - b\ respectively, of FIG. 13. FIGS. 16A and 16B are cross- 
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sectional views illustrating a semiconductor substrate taken along lines a - a' and 
b - b\ respectively, of FIG. 14. The same reference numerals in the first and 
third embodiments represent the same elements. In addition, in the third 
embodiment, processes prior to the formation of photoresist patterns used to 

5 form SACs are the same as those of the first embodiment. 

Referring to FIGS. 13, 15A, and 15B, the interlayer insulating layer 145 
and underlying layers are formed like in the first embodiment. Next, photoresist 
patterns 150' are formed in a line shape at every row where the active regions 
1 15 are not formed on the interlayer insulating layer 145 to extend in the direction 

10 X of the major axis of each of the active regions 115. In addition, the photoresist 
patterns 150 s are formed to include protrusions 150a covering the top surface of 
the isolation layer 120 positioned at the same row as each of the active regions 
115. As shown in FIGS. 13, 15A, and 15B, it is possible to provide more 
sufficient room for a photoresist layer used to form the photoresist patterns 150' 

15 into a line shape and increase the thickness of the photoresist layer more 
considerably than the photoresist patterns 150' formed in an island shape. 
Accordingly, the photoresist patterns 150' can be prevented from collapsing and 
the edge of each of the photoresist patterns 1 50' can be prevented from being 
deformed. 

20 Referring to FIGS. 14, 16A, and 16B, the interlayer insulating layer 145 is 

etched using the photoresist patterns 150' as etching masks such that contact 
holes H 2 i and H 2 2 are formed to expose the top surfaces of the first and second 
source/drain regions 140a and 140b. Since the photoresist patterns 150' are 
formed in a line shape, the contact holes H 2 i and H22 can be formed to have the 

25 same size. Thus, the problem of contact holes that are irregularly etched due to 
their different widths in the prior art can be solved. 

Next, the photoresist patterns 150' are removed, and first and second 
SACs 1 55a and 1 55b are formed to be level with the top surface of each of the 
gates 135 and contact the first and second source/drain regions 140a and 140b, 
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respectively. The first and second SACs 155a and 155b have the same size. 
Since the edge of each of the photoresist patterns 150' can be prevented from 
being deformed by forming the photoresist patterns 150' into a line shape, 
adjacent SACs can be completely isolated from one another. 

A fourth illustrative embodiment of the present invention will now be 
described. 

FIGS. 17, 18A, and 18B are diagrams illustrating a semiconductor device 
according to a fourth embodiment of the present invention and a method for 
manufacturing the same. Specifically, FIG. 17 is a plan view illustrating a method 
for manufacturing a semiconductor device according to a fourth embodiment of 
the present invention. FIGS. 18A and 18B are cross-sectional views illustrating a 
semiconductor substrate taken along lines a - a' and b - b', respectively, of FIG. 
17. The same reference numerals in the third and fourth embodiments represent 
the same elements. In the fourth embodiment, processes subsequent to the 
processes described in the third embodiment will be described. 

Referring to FIGS. 17, 18A, and 18B, the interlayer insulating layer 160 is 
formed on the semiconductor substrate 110 shown in FIG. 14. The interlayer 
insulating layers 145 and 160 are etched to form a contact hole H 34 through 
which the sidewalls, a predetermined portion of the top surface of the second 
SAC 155b, and the top surface of the isolation layer 120 positioned at a row next 
to the row where the second SAC 155b is positioned and at the same column as 
the second SAC 155b are exposed. Next, a barrier metal layer 163 is formed at 
the sidewalls and bottom of the contact hole H 34 . In a case where a conductive 
layer to be formed filling the contact hole H 34 in a subsequent process is a metal 
layer, the barrier metal layer 163 prevents metal atoms in the metal layer from 
diffusing into the interlayer insulating layers 145 and 160. The barrier metal layer 
163 may be formed of a double layer of a Ti layer and a TiN layer. The double 
layer of a Ti layer and a TiN layer may be formed by CVD. 
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Next, a contact plug 165' is formed to contact the sidewalls and a 
predetermined portion of the top surface of the second SAC 155b and the 
isolation layer positioned at the same row as the second SAC 155b by filling the 
contact hole H 34 with a conductive material. The contact hole H 34 may be filled 
with W. In the prior art, the second SAC 55b is formed greater than the first SAC 
55a, and thus a contact plug is formed to contact the surface of the second SAC 
55b, as shown in FIGS. 2, 4A, and 4B. However, in the present invention, the 
contact plug 165' is formed to contact the sidewalls of the second SAC 155b as 



well as the top surface of the isolation layer 120, and thus the contact plug is 
electrically connected to the active regions 115. The contact plug 165' may be 
formed to have a larger size than the conventional contact plug. Next, a process 
for forming bit line described above with reference to FIGS. 10, 12A, and 12B 
may be performed. 

A fifth illustrative embodiment of the present invention will now be 
described. 

FIG. 19 is a plan view illustrating a semiconductor device according to a 
fifth embodiment of the present invention and a method for manufacturing the 
same. The same reference numerals in the third and fifth embodiments 
represent the same elements. In addition, all processes of the fifth embodiment 
are the same as those of the third embodiment except for a process for forming 
photoresist patterns used to form SACs. 

Referring to FIG. 19, the interlayer insulating layer 145 and underlying 
layers are formed like in the third embodiment. Next, photoresist patterns 150" 
are formed into a line shape at every row where the active regions 1 15 are not 
formed on the interlayer insulating layer 145 to extend in the direction X of the 
major axis of the active regions 115. In addition, the photoresist patterns 150" 
are formed to include protrusions 150b covering the top surface of the isolation 
layer 120 positioned at every row where the active regions 1 15 are formed. The 
protrusions 150b are formed to extend over the gates 135 positioned at either 
side of the isolation layer 120. Next, the processes described with reference to 
FIGS. 14, 15A, and 15B are performed. Subsequent processes may be the 
same as those of the fourth embodiment. 

According to the present embodiment, as shown in FIG. 19, it is possible 
to obtain more sufficient room for a photoresist layer used to form the photoresist 
patterns 150" in a line shape and increase the thickness of the photoresist layer 
more considerably than the photoresist patterns 50 formed in an island shape. 
Accordingly, the photoresist patterns 150" can be prevented from being 
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collapsed and the edge of each of the photoresist patterns 150" can be 
prevented from being deformed. Since the photoresist patterns 150" are formed 
in a line shape, contact holes can be formed to have the same size. Thus, the 
problem in the prior art with irregularly etched contact holes due to their different 
5 widths can be solved. In addition, since the edge of each of the photoresist 

patterns 150" can be prevented from being deformed by forming the photoresist 
patterns 150" in a line shape, adjacent SACs can be completely isolated from 
one another. 

While this invention has been particularly shown and described with 
10 reference to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. For example, according to the embodiments of the present invention, the 
active regions are formed as single straight bars; however, the active regions 
15 may be formed in a T - shape. In a case where the active regions are formed in 
a T - shape, the third SACs are formed to contact the top surfaces of the active 
regions. 

As described above, according to the present invention, photoresist 
patterns used to form SACs are formed in a line shape. Accordingly, it is 

20 possible to obtain more sufficient room for a photoresist layer and increase the 
thickness of the photoresist layer more considerably than the prior art. Thus, the 
photoresist patterns can be prevented from collapsing and the edge of each of 
the photoresist patterns can be prevented from being deformed. Accordingly, it 
is possible to realize the photoresist patterns much better than the prior art, and 

25 isolate adjacent SACs from one another. 

In addition, all SACs are formed to have the same size. Accordingly, the 
problem of the prior art with irregularly etched contact holes due to their different 
widths can be solved, and thus it is possible to form SACs more reproducibly 
than the prior art. 
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Although the illustrative embodiments have been described herein with 
reference to the accompanying drawings, it is to be understood that the present 
invention is not limited to those precise embodiments, and that various other 
changes and modifications may be affected therein by one of ordinary skill in the 
related art without departing from the scope or spirit of the invention. All such 
changes and modifications are intended to be included within the scope of the 
invention as defined by the appended claims. 
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